Mitral Regurgitation and Renal Function
We hypothesized that a reduction in MR severity by percutaneous mitral repair is associated with improved renal function as measured by estimated glomerular filtration rate (eGFR) in patients with chronic kidney disease (CKD). The objectives of this study were (1) to evaluate clinical characteristics of patients with moderate-to-severe or severe (grade 3+ or 4+) MR and CKD; (2) to assess renal function at serial intervals to 1 year after transcatheter repair of MR with the MitraClip device as a function of baseline renal function; and (3) to explore the relationship between reduction in MR and change in eGFR.
Methods

Study Population
Patients enrolled in the Endovascular Valve Edge-to-Edge Repair Study trials (n=886) were included in this study. This cohort included patients treated with the MitraClip device in 3 separate studies: (1) EVEREST II randomized, controlled trial (ClinicalTrials.gov No. NCT00209274), a prospective, multicenter, randomized study of the MitraClip System in the treatment of MR, randomizing patients to MitraClip (n=178) or mitral valve surgery, (2) EVEREST II high risk registry study (n=78), a prospective multicenter study of the MitraClip System for the treatment of MR in high surgical risk patients, and (3) an ongoing, continued access prospective, multicenter study (REALISM) of the MitraClip System in a surgical population (nonhigh risk arm) and a high surgical risk population (high risk arm; n=630; Figure 1 ). Because of different inclusion and exclusion criteria for these studies, patients with baseline serum creatinine measurement >2.5 mg/dL were excluded from enrollment in the EVEREST II randomized trial and the nonhigh risk arm of the REALISM continued access registry.
Patients were eligible for MitraClip treatment if they had moderate-to-severe or severe (grade 3+ or 4+, respectively), chronic MR as described previously. 10 The study protocols were reviewed and approved by the institutional review board of each participating site, and all patients provided written informed consent for the procedure and follow-up.
Evaluation of Kidney Function
Serum creatinine measurements were performed per protocol at baseline (preprocedure), discharge, 30 days, 6 11 Calculation of eGFR at follow-up after MitraClip repair was adjusted for change in age. Stage 5 CKD patients already requiring renal replacement therapy at baseline (n=26) were excluded from the analysis.
Study Oversight
The monitoring, data collection, and analysis were performed by research personnel at Abbott Vascular in partnership with site investigators. The first author wrote the first draft of the article, with review and revision by all the coauthors. All the authors vouch for the accuracy of the data and analyses reported.
Statistical Analysis
Baseline clinical characteristics were summarized using means and standard deviations for continuous measures and counts and proportions for categorical measures. Comparison across stages of renal function was performed using analysis of variance for continuous variables and chi-square test of homogeneity for categorical variables. Mean change in eGFR between baseline and 1 year for the overall cohort was assessed using a paired t test. All P values and confidence intervals (CIs) were calculated using 2-sided tests, and a significance level of 0.05 was used to declare statistical significance for each analysis.
Paired eGFR and echocardiographic core laboratory measures of MR severity were analyzed over time, and linear mixed effect models were fit to evaluate the association between MR severity and eGFR. Repeated measures from individual patients were used to generate the models and a compound symmetrical covariance structure
WHAT IS KNOWN
• Chronic kidney disease is strongly associated with worse outcome in many cardiovascular diseases.
WHAT THE STUDY ADDS
• Chronic kidney disease severity by estimated glomerular filtration rate was strongly associated with worse 1-year survival after percutaneous mitral valve repair by the MitraClip device, even after adjusting for patient age and sex.
• Reduction in mitral regurgitation severity to moderate or less by MitraClip repair was associated with a small improvement in estimated glomerular filtration rate in patients with moderate or severe chronic kidney disease at baseline. was assumed to account for repeated measures within patient. The models were then used to estimate changes in eGFR associated with changes in MR severity between baseline and 1 year. The models included MR severity and the follow-up time period (days) as independent variables. Separate models were fit for patients within 3 CKD categories at baseline: CKD stage 1 or 2, stage 3, or stage 4 or 5. Model fit was evaluated by analyzing residuals; there was no evidence of lack of fit. Data on all patients, including those with missing values at ≥1 time points, were included in the models. Estimated mean changes together with 95% CIs are presented graphically by degree of renal dysfunction at baseline.
An exploratory analysis evaluating baseline clinical variables associated with an increase in eGFR of ≥5 mL/min/1.73 m 2 between baseline and 1 year was performed using a logistic regression model that included main effects only. Change in medication usage between baseline and 1 year or last follow-up was assessed using McNemar's test. Kaplan-Meier analyses of survival through 1 year after MitraClip repair were performed with stratification by degree of renal function at baseline. Survival across these strata was compared using the log-rank test. Cox proportional hazards modeling was performed to evaluate the association between severity of CKD and mortality after adjustment for age and sex. All statistical analyses were performed using PC SAS for Windows version 9.2 (SAS Institute, Cary, NC).
Results
The baseline clinical characteristics of the overall study cohort (n=854) are shown in Table 1 . In general, patients were advanced in age, had a high prevalence of previous cardiac disease and advanced heart failure symptoms, as well as multiple comorbid medical problems. The vast majority had MR grade 3+ or 4+ by quantitative assessment by the echocardiography core laboratory. Baseline mean eGFR for the study population was 61.5±23. disease, this subgroup had a lower percentage of degenerative MR (34.6%); lower left ventricular ejection fraction (LVEF; 47.2%); and had a higher prevalence of comorbid medical conditions, including advanced heart failure (New York Heart Association 3 or 4, 90.4%), diabetes mellitus (42.3%), coronary artery disease (76.9%), and history of atrial fibrillation (76.6%).
For baseline medications, angiotensin converting enzyme inhibitors or angiotensin receptor blockers, β-blockers, diuretics, and antiplatelet agents were prescribed in the majority of patients, with a higher proportion of patients with severe CKD receiving these medications, except angiotensin converting enzyme inhibitors or angiotensin receptor blockers (Table 2 ).
In the overall cohort with paired baseline and 1 year data (n=579), mean change in eGFR was −1.0±15. The relationships between paired measurements of eGFR and severity of MR from baseline to 1 year follow-up after MitraClip repair are shown in Figure 3 . For all subgroups of CKD, a modest, acute improvement in eGFR was seen before discharge. Using linear mixed effect models, the relationship between eGFR and MR severity was evaluated. Lower eGFR was strongly associated with MR 3 or 4+ severity in all 3 CKD categories (P<0.001). Reduction in MR severity from 3+/4+ at baseline to 1+/2+ at 1 year was significantly associated with an increase in eGFR among patients with CKD stage 3, 4 or 5 at baseline (Figure 4) . Clinical characteristics of patients who had improvement in renal function (defined as increase in eGFR ≥5 mL/ min/1.73 m 2 ) compared with those whose eGFR did not improve are shown in Table 3 . An exploratory, multivariable logistic regression analysis, including baseline age, New York Heart Association 3 or 4, atrial fibrillation, diabetes mellitus, coronary artery disease, LVEF, MR pathogenesis, diuretic, angiotensin converting enzyme inhibitor or angiotensin receptor blocker use, and MR severity ≤2+, was performed to assess variables associated with improvement in eGFR ≥5 mL/min/1.73 m 2 . Only New York Heart Association 3 or 4 symptoms at baseline was independently associated with this degree of improvement in eGFR at 1 year (odds ratio 2.2; 95% CI, 1.41-3.57; P=0.007).
In an unadjusted analysis, 1-year survival was associated with baseline renal function ( Figure 5 ). Kaplan-Meier estimates of mortality at 1 year was 15.0% of patients for the overall cohort, including 9.0%, 20.6%, and 26.0% of patients who died among CKD stages 1 or 2, stage 3, and stage 4 or 5, respectively (P<0.001). In Cox proportional hazards modeling, severity of CKD by subgroup remained associated with higher mortality after adjustment for age and sex (compared with CKD stage 1 or 2, hazard ratio, (Table 2) , although there was a substantial decrease in the use of diuretics in patients with severe kidney disease at baseline (P<0.001).
Discussion
The main findings of this study are (1) the presence of CKD in patients with moderate-severe or severe MR is associated with higher prevalence of vascular disease (including coronary artery disease, prior myocardial infarction, and cerebrovascular disease) and hemodynamic abnormalities (such as advanced heart failure symptoms, lower LVEF, and atrial fibrillation); (2) the degree of renal dysfunction at baseline correlates with mortality at 1 year after percutaneous mitral valve repair; and (3) patients with severe kidney disease at baseline were more likely to have improvement in eGFR at 1 year after reduction in MR to moderate or less degree.
MR may result in significant hemodynamic abnormalities, 12 including reduced left ventricular systolic dysfunction, lower cardiac output, atrial fibrillation, and pulmonary hypertension. Although these factors may impair renal function, the current study highlights several other comorbid medical conditions that are associated with kidney disease in the setting of MR. The high prevalence of these other cardiovascular conditions, such as coronary and cerebrovascular disease, suggests that hemodynamic abnormalities of chronic MR may exacerbate renal dysfunction in patients with other risk factors. Importantly, severity of kidney disease at baseline was correlated with worse survival at 1 year even after reduction This prognostic influence of preexisting renal dysfunction echoes its association with higher mortality in other cardiac conditions, including coronary artery disease, 13 left ventricular systolic dysfunction, 14 aortic valve stenosis, 15 and after cardiac surgery. 16 In a recent study of patients undergoing mitral valve repair for functional MR, patients with CKD stage 4 or 5 was associated with worse survival long term. 17 Improvement in renal function has been reported after successful catheter ablation of atrial fibrillation, with freedom from recurrence of atrial arrhythmias as the only clinical variable associated with improved renal function at 1 year. 18 In the present study, although renal dysfunction was associated with many chronic, vascular conditions, our results suggest that reduction in MR severity by MitraClip repair is associated with an early improvement in eGFR. The time course of improvement in eGFR is consistent with previous reports of acute hemodynamic improvements after mitral valve repair with either the MitraClip device 19, 20 or mitral valve surgery, 21 as well as the stability of these hemodynamic changes with evidence of left ventricular remodeling to 1 year follow-up. 22, 23 The clinical benefit of percutaneous mitral valve repair in patients with more severe renal dysfunction mirrors the reduction in mortality or hospitalization described in patients with end-stage renal disease after surgical repair of functional MR. 17 Although patients with baseline CKD stage 1 or 2 had a slight reduction in eGFR at 1 year after MitraClip therapy, patients with CKD stage 4 or 5 were more likely to have improvement rather than decline in eGFR. The change in eGFR associated with the reduction in MR to moderate or less was statistically significant in patients with CKD stage 3, 4 or 5. These results suggest that reduced eGFR at baseline may not be a fixed condition, but rather may identify patients whose renal function may improve to a greater extent from the hemodynamics benefits of MR reduction. The increase in eGFR after MR reduction observed in the severe renal dysfunction group statistically may reflect regression to the mean. However, the proportion of patients with improvement from stage 4 or 5 to stage 3 CKD exceeded the proportions of patients who changed categories in other eGFR subgroups, suggesting that this observed improvement unlikely represented regression to the mean eGFR.
In addition, more advanced heart failure symptoms at baseline were also associated with improvement in eGFR at 1 year. In this cohort of patients, advanced heart failure symptoms represent a hemodynamic consequence of severe MR that may be reversible by sustained MR reduction. Longer term follow-up in the EVEREST II randomized trial has previously shown stable improvement in heart failure symptoms after MitraClip repair. 24 In the present study, the lower proportion of patients with severely reduced, baseline eGFR who were treated with diuretic medications at 1 year is consistent with reduced symptoms of heart failure and may be related to changes in eGFR. Furthermore, improvement in left ventricular and left atrial sizes at 1 year across CKD categories suggest reduction in adverse remodeling associated with severe MR and heart failure.
Renal dysfunction is common in patients with heart failure and left ventricular systolic dysfunction 14 and is multifactorial in pathogenesis. Although severity of baseline renal dysfunction was associated with lower LVEF in patients with MR, improvement in renal function was not related to This study has several limitations. Given the clinical characteristics of patients in this cohort from the EVEREST II trials, particularly advanced in age and with multiple comorbid conditions, the generalizability of these data is limited, and our findings may not be applicable to all patients with MR. As an observational, post hoc analysis, association between reduction in MR severity and changes in kidney function may not be causal because of potential confounding factors, including other differences in baseline clinical characteristics. The study population included several cohorts of patients treated with the percutaneous MitraClip repair system. Although all patients had quantitative assessment of MR severity by an echocardiographic core laboratory prior to treatment, clinical selection criteria for treatment with the MitraClip device was not uniform across these cohorts and selection bias may have influenced the results. Because of the small number of patients who underwent mitral valve surgery in the EVEREST II randomized trial with its inclusion criteria, assessment of renal function after mitral valve repair surgery as compared with MitraClip treatment was not performed. Therefore, it is not known whether more effective reduction in MR severity (to trace or no MR) is associated with greater absolute increase in eGFR. Renal function was assessed only by serial serum creatinine measurements, and the influence of duration of kidney disease on the observed change in eGFR after treatment of MR could not be determined. The clinical significance of the observed change in eGFR on longer term outcome is unclear. Survival bias may influence the reported change in eGFR in patients with baseline renal dysfunction, such that the improvement in eGFR may be overestimated in patients with follow-up measurements. However, the linear mixed effect models address this limitation by including all available measurements of serum creatinine and MR severity, including data from expired or withdrawn patients through their last available follow-up before death (eg, discharge, 30 days or 6 months as applicable) to provide a longitudinal evaluation of this relationship.
In conclusion, reduction in MR by percutaneous repair was associated with improvement in renal function in patients with more advanced CKD soon after MitraClip repair until last follow-up through 1 year. Although hypothesis generating, these results suggest that the hemodynamic improvements resulting after percutaneous mitral valve repair may improve renal function. Further studies of renal function after cardiac interventions and the influence on clinical outcome are needed.
